A nationwide epidemiological study included 3516 primary major lower limb amputations in diabetic patients, during the period 1982 to 1992. On this well defined diabetic amputee population the relative mortality (Standard Mortality Ratio, SMR) has been analysed. The mortality rate was found to be 8 times the expected during the first year following amputation. The relative mortality is higher for females than males. An inverse relation between age and SMR was found, and the SMR was significantly related to the level of amputation. No significant difference could be detected when analysing SMR in relation to subdiagnosis (NIDDM vs LDDM) or SMR in relation to the period of treatment 1982-87 versus 1988-92. 
Introduction
Diabetic lower limb amputation continues to represent a major socioeconomic and health problem. In Denmark the number of individuals with diabetes mellitus (DM) is estimated to increase by about 1-2 per cent per year. The number of individuals older than 75 years has increased significantly (i.e. 25 per cent during the eighties), as well as the percentage of individuals suffering from severe overweight. The percentage of heavy smokers (i.e. more than 25 cigarettes per day) is unchanged. In spite of these developments, which in fact should lead to an increasing number of amputations, the Danish Amputation Register (DAR) has noted a s i d i c a n t decrease in the number of DM amputations in Denmark (Ebskov, 1991a) . The reason for this decrease during the last decade is probably multifactorial, involving the effect of an increased activity 'of vascular surgery, better diabetic control and better medical treatment of complications, but also significantly improved m a t r i c care. These epidemiological considerations render it important to follow the development of diabetic amputations. Mortality is an important epidemiological factor. A large number of studies have described different types of mortality (i.e. the in-hospital, the postoperative mortality, the third month mortality, the relative mortality). However many of these epidemiological studies cover only a sub-area or a single department, and could be influenced by local demographic factors. The author suggests that the relative mortality is the most true type of mortality description because it relates the mortality in a specific group of patients with the expected mortality. Further, it is of major importance to include a substantial number of patients from a large geographic area. This study therefore is nationwide.
Material and methods
Since 1978 the Danish Amputation Register (DAR) has based its statistics on data from the National Patient Register (Ebskov, 1977; Ebskov, 1986) Data concerning age at diagnosis of diabetes and data on degree of control is not accessible.
Definitions
Primary amputation: the first admission of a person for amputation of the lower limb excluding toes.
Following amputations: any admission for amputation of the limb, ipsi-or contralateral, after the primary amputation.
Assumptions
Primary amputees suffering a following amputation during, a re-admission were excluded. During the first admission when the primary amputation is executed about 18% of the patients are exposed for a revision, or a reamputation on the ipsi-or contralateral limb.
The rationale for exclusion of the toe amputations in this study is primarily that NPR data only includes information concerning patients admitted to a hospital, whereas information from out-patient clinics, where some of the toe amputations are carried out, is not registered in the NPR.
Statistical methods

When analysing factors influencing the S M R
a Cox-like analysis was used. Level of significance 5%. Confidence l i m i t s have been calculated for all relevant data Cross-matching analysis, calculations and statistical analysis was conducted on a mainframe. computer, as well as on personal computers.
Results
The male to female ratio is 1:0.86. The mean age is 71.3 yrs (min 25 yrs, max 97 yrs, median lrn--(n=3516) as a function of year since amputation. The mortality is 8.4 times the expected mortality (95% confidence interval 7.95 -8.9) in the first postoperative year. In the second year the mortality is 4.13 (95% confidence l i m i t s 3.8 -4.5) times the expected mortality. During the rest of the period under study some non-significant variations are observed ranging from 4.1 to 3.8. Figure 2a shows the SMR for men and women respectively. The tendency is obviously that the female group has the highest relative mortality in year 0 to 8. In the end of the observation period the curves tend to converge towards the same SMR. Figure 2b show the overall values for the period, thus emphasising the higher S M R in the female group (510) versus the male group (490). Figure 3a shows the SMR in the different age groups i.e. 0-59 yrs, 60-69 yrs, 70-79 yrs, 80 yrs and older. There seems to be an inverse relation between age and the SMR. In all but one year (i.e. year 5 ) fhe yougest amputees have the highest relative mortality and the oldest amputees have the lowest relative mortality. Figure 3b shows the overall values for the period. When the relation between the relative mortality and the level of amputation is analysed a somewhat surprising pattern is found (Fig. 4a) . In year zero the relative mortality is significantly related to the level of amputation so that amputation at foot level implies the smallest S M R (5.39 times the expected mortality, 95% confidence limits 4.57 -6.36).
trans-tibial amputation has a significantly higher relative mortality (7.59 times the expected, 95% confidence l i m i t s 6.99 -8.24). (Fig. 4b) shows the differences for the period in total. Analysis of NIDDMversus IDDM (Figs. 5a and 5b) shows that amputees with IDDM have a higher relative mortality.
It was not possible to detect any periodrelated (year 1982-87 versus year 1988-92) differences in the SMR.
A Cox-like multivariate analysis was performed regarding SMR and the confounders under study. It was found that sex, age and level of amputation significantly influence the S M R . 
Discussion
Denmark has a population of 5.1 million. In 1976 the Danish National Health Board established the NPR ordering all somatic hospitals to submit standardised registration on all in-patients admitted. In several studies the NPR has been found valid for epidemiological studies. The DAR was established in 1972 and from 1978 DAR has based its statistics on data from the NPR, as was the case in the present study. Data from the CBPR -especially the date of death -has been used in this study, in order to identify the diabetic amputees who died during the period of observation i.e. January 1982 to December 1992.
The present study represents the first published study analysing the SMR with a full national coverage, thus excluding local demographic factors. The overall epidemiologic characteristics i.e. age, sex, and amputation level distribution for the material is comparable to most other studies dealing with amputation on patients suffering from DM. The author has (Ebskov, 1991 a) previously discussed the discrepancy at the national level, between the decrease in the number of DM amputations and the increasing number of diabetic patients, who have a 15-fold higher risk of amputation (Most and Sinnock, 1986 ) than non-diabetic individuals. Other authors -have detected significant local reductions in the number of lower limb amputations (Edmonds et al., 1986; Falkenberg, 1990; Runyan, 1975; Lippman, 1979; Larsson, 1994) .
A large number of authors (Lippman, 1979; Larsson, 1994; Hansson, 1964; Whitehouse et al., 1968; Kolind-Sorensen, 1974; Ebskov and Josephson, 1980; Finch et al., 1980; MandrupPoulsen and Jensen, 1982; Burgess and Romano, 1971; Persson and Suden, 1971; Ebskov, 1991b; Pohjolainen and Alaranta, 1988; Stewart et al., 1992) have analysed the mortality (in-hospital, postoperative, SMR) or the long term survival for vascular insufficiency amputations (with or without diabetes). Fewer have examined exclusively diabetic cases (Larsson, 1994; Hansson, 1964, Pohjolainen and Alaranta, 1988; Stewart et al., 1992; Silbert, 1952; Nelson et al., 1988) . As mentioned by some authors (Mandrup-Poulson and Jensen, 1982; Stewart et al., 1992) there are major differences in defining the materials as regards important determinants like post-operative period, hospitalisation time, age, amputation level (especially inclusion of toe-amputations) and etiology of amputation cause. Further the materials are of variable size and the degree of specialisation for the clinics involved is different. All these factors have a major influence on the results. It is evident that the variations between definitions as stated above lead to severe difficulties in comparison of the results from different studies. This study attempted to exclude or minimise some of these limitations by analysing the S M R on a national level.
It has only been possible to find two studies (Larsson, 1994; Stewart et al., 1992) analysing the relative mortality exclusively for diabetic amputees, with a longer observation period, but no studies have had an observation period of 12 years as in the present study.
The main finding is that mortality is about 8 times more than normal during the first year after amputation. Thereafter the mortality is about 4 times the normal. The magnitude of the mortality during the first year is probably a consequence of the direct post-operative mortality or the in-hospital mortality, which in Denmark accounts for approximately 10 per cent during an average length of stay for an amputation admission of about 37 days. One year after amputation the mortality of the amputated diabetic patients is similar to the mortality of the non-amputated diabetics, but still sigmfhntly higher than the background population. The mortality for non-amputated diabetics varies considerably. In Denmark Deckert et al., (1979) found a relative mortality of 200-600 per cent (IDDM, Decrement analysis) Borch-Johnsen (1989) found that when 10 per cent of the background population are dead, more than 50 per cent of the diabetic (IDDM) population are dead. Concerning NIDDM patients the mortality is about 2-3 times the background population (Beck-Nielson et al., 1990). Kessler (1971) found a relative mortality about 140-240 per cent (SMR, NIDDM and IDDM), and Garcia et al., (1974) found a relative mortality from cardiovascular causes for males of 200 per cent and females 450 per cent (SMR, NIDDM and IDDM) . This relation between background population, diabetic non-amputees and diabetic amputees as regards relative mortality can be explained by the presence, the degree and the severity of their diabetes. Nelson (1988) found significantly higher death rates in diabetic amputees than in diabetic non-amputees (death rate ratio from 1.4 to 3.9).
In this study sex was found to be significantly related to the relative mortality. The higher mortality among women corresponds to the findings of Nelson (1988) concerning death rates for female NIDDM patients (above 45 years).
The relation between age and SMR was expected, as well as the relation between level and SMR, but it was surprising to find the differences much less pronounced after the first year, even though the differences between the mean values from the period are significant. Most studies concerning diabetic amputations do not distinguish between NIDDM and IDDM. In the present study it was possible to differentiate between IDDM and NIDDM from 1987 onwards. With reservation for the limited observation period no significant difference was found in SMR for NIDDM in relation to IDDM. However the tendency was obviously a higher SMR in the IDDM group, In Denmark the only major epidemiological factor which could have altered the mortality for the patients is the increase in vascular surgery (Seidelin and Eickhoff, 1995 
